By systematically analyzing the Swift/XRT lightcurves detected before 2008 October, we find 17 lightcurves that monotonously decay as a single power law (SPL) with an index of 1 ∼ 1.7 from tens (or hundreds) of seconds to ∼ 10 5 seconds post the GRB trigger. They are apparently different from the canonical lightcurves that are characterized by a shallow-to-normal decay transition. We compare the distributions of the observables of the prompt gamma-rays in the Swift/BAT band for the two groups of GRBs, but no statistical difference is found. The spectral characteristics of the X-rays, including the integrated Xray spectral index, the column density of neutral hydrogen (N H ) of the host galaxies, and the spectral evolution feature, between the two groups of GRBs are also consistent with each other. Interestingly, the SPL XRT lightcurves in the burst frame gradually merge into a conflux, and their luminosities at 10 5 seconds are normally distributed at log L/ergs s −1 = 45.5 ± 0.7. For the GRBs with canonical (shallow-to-normal) lightcurves, the normal decay segment has the similar feature. These results likely suggest that both the prompt gammarays and the X-rays for the two groups of GRBs may share the similar physical origins, and the apparent difference between the XRT lightcurves of two groups of GRBs may not be intrinsic. If the shallow decay is due to energy injection into the fireball, this suggests that the total energy budget after injection for both types of GRBs is similar. More intriguingly, the picture is consistent with the scenario that the apparent shallow-to-normal behavior is an artifact because of the improper choice of the zero time point (T 0 ), as suggested by Yamazaki. To 1 Department of Physics, Guangxi University, Nanning 530004, China;lew@gxu.edu.cn 2 Department of Physics and Astronomy, University of Nevada, Las Vegas, NV 89154; zhang@physics.unlv.edu -2 -test this, we shift T 0 of the canonical lightcurves to an epoch prior to the GRB triggers to make the lightcurves close to a SPL with the temporal indices similar to those in the normal decay phase. It is found that the T 0 -shifted lightcurves trace the lightcurves of the SPL type well. The distribution of T 0 ranges from 10 2 to 10 4 seconds. This result likely suggests that the X-rays might be a long-lasting emission component that is independent of the prompt gamma-rays. The GRBs with the SPL lightcurves may be those whose T 0 's of X-ray decay are comparable to the trigger times. We discuss the prior X-ray emission from GRBs for both an external shock origin and an origin from a long-lasting central engine. Within these models, the X-rays may not be directly related to the ejection of energy during the prompt GRB phase.
Introduction
Swift, a multi-wavelength gamma-ray burst (GRB) mission (Gehrels et al 2004) has led to great progress in understanding the nature of this phenomenon (Zhang 2007) . With the promptly slewing capability, the on-board X-ray Telescope (XRT, Burrows et al. 2004) catches the very early X-rays following the prompt gamma-rays. The X-ray observations led to the identification of a canonical X-ray light curve, which is composed of four successive segments, i.e. an initial steep decay segment (with a decay slope 1 α 1 > 2), a shallow decay segment (α 2 < 0.75), a normal decay (α 3 ∼ 1) and a jet-like decay segment (α 4 > 1.5) Nousek et al. 2006; O'Brien et al. 2006) . The lightcurves are usually superimposed by erratic flares (Burrows et al. 2005; Chincarini et al. 2007; Flacone et al. 2007 ), which may be produced by late activities of the GRB central engine (Burrows et al. 2005; Zhang et al. 2006; Fan & Wei 2005; King et al. 2005; Dai et al. 2006; Perna et al. 2006; Proga & Zhang 2006) . The initial steep decay segment is generally believed to be the delayed photons from the high latitudes with respect to the line of sight upon the abrupt cessation of emission in the prompt emission region (Fenimore et al. 1996; Kumar & Panaitescu 2000; Dermer 2004; Dyks et al. 2005; Zhang et al. 2006; Liang et al. 2006; Yamazaki et al. 2006; Nousek et al. 2006; Panaitescu et al. 2006a; Lazzati & Begelman 2006; Zhang et al. 2007a Zhang et al. , 2009a Qin 2008) . The origin of the jet-like steep-decay segment occasionally found in a few cases (Burrows & Racusin 2006; Liang et al. 2008; Racusin et al. 2008 ) is not fully understood. They may be jet breaks, but the chromatic behavior observed in some GRBs posts the issue regarding whether the observed X-ray and optical emissions share the same origin (e.g. Liang et al. 2008 ).
The shallow decay (or plateau) segment is usually seen in the XRT lightcurves (O'Brien et al. 2006a; Liang et al. 2007) , and the mechanism of this segment is highly debated. Phenomenally, the canonical lightcurves can be well fitted with a two-component model, i.e., a prompt emission component and an afterglow component (Willingale et al. 2007; Ghisellini et al. 2008) . The physical origin of the specific function form proposed by Willingale et al. is, however, not understood. The widely discussed model for the shallow decay component is energy injection into the external forward shock either from an long lasting central engine or from an ejecta with a wide distribution of Lorentz factors Nousek et al. 2006; Panaitescu et al. 2006a) . Such a picture is supported by the fact that the spectral index does not change across the break and that the segment after the break (normal decay segment) is consistent with the closure relation of the forward shock model (Liang et al. 2007 ). Although some breaks are consistent with being achromatic, some others show chromatic behavior across the break (Panaitescu et al. 2006b; Liang et al. 2007) , suggesting that this model cannot interpret all the data. Liang et al. (2007) argued that the physical origin of the shallow decay segment may be diverse and those plateaus that are followed by abrupt cutoffs might be of internal origin (see also Troja et al. 2007 ). Alternative models have been proposed. Ioka et al. (2006) argued that there might be a weak prior emission before the GRB trigger, which modified the medium density profile to produce the shallow decay phase. Shao & Dai (2007) interpreted the X-ray lightcurve as due to dust scattering of some prompt X-rays. The model however predicts an evolution of the spectral indices which is not observed (Shen et al. 2008) . The upscattering of the forward shock photons by a trailing leptonic shell may also give an X-ray plateau (Panaitescu 2007 ), but the model is more suitable to interpret X-ray plateaus with sharp cutoffs at the end. Uhm & Beloborodov (2007) and Genet, Daigne & Mochkovitch (2007) suggested that both X-ray and optical afterglows are from a long-lived reverse shock. Ghisellini et al. (2007) argued that the X-ray afterglows is produced by late internal shocks, and the shallow-to-normal transition is due to the jet effect in the prompt ejecta (see also Nava et al. 2007 ). Kumar et al. (2008) proposed that the observed X-rays are directly related to the accretion power from the central engine, and that the different power law segments in the canonical lightcurves may be related to mass-accretion of different layers of the progenitor stars. Most recently, Yamazaki (2009) suggested that the X-ray emission is prior to the GRB trigger, which may be powered by an earlier activity of the central engine. It may decay with a single power law, but because the offset of the zero time point T 0 , the log-log lightcurve with the GRB trigger time as T 0 would display an artificial shallow-to-normal decay transition. This model can interpret no spectral change across the break, and also the chromatic behavior between X-ray and optical, if the optical emission is powered by the ejecta launched during the prompt emission. These ideas go far beyond the traditional fireball models. If correct, it would imply that the GRB activity may start before the gamma-ray trigger.
It is interesting that the XRT lightcurves of a small fraction of Swift GRBs monotonously decay with a single power-law (SPL), such as GRBs 061007 (Schady et al. 2007) . They are apparently different from the majority of bursts that show the canonical lightcurves. This raises the issue about what factors make the difference between the two groups of the XRT lightcurves. Are they really physically different or just due to an uncovered artificial effect? We focus on this issue in this paper by systematically comparing the properties of both the prompt gamma-ray and the X-ray emission properties of these two groups of GRBs. The XRT Data reduction, temporal and spectral anlysises, and sample selection are presented in §2. We compare the observations of both the prompt gamma-rays and the X-rays in the shallow-to-normal decay segment between the two groups of GRBs in §3 and §4, respectively. We discuss possible implications from the results of our analysis in §5, and present the conclusions in §6. A concordance cosmology with parameters H 0 = 71 km s
Mpc −1 , Ω M = 0.30, and Ω Λ = 0.70 are adopted.
DATA REDUCTION AND SAMPLE SELECTION
The XRT data are downloaded from the Swift data archive. We developed a script to automatically download and maintain all the XRT data. The HEAsoft packages, including Xspec, Xselect, Ximage, and Swift data analysis tools, are used for the data reduction. We have developed an IDL code to automatically process the XRT data for a given burst in any user-specified time interval. The details of our code have been presented in Zhang et al. (2007a; Paper I) and Liang et al. (2007 Liang et al. ( , 2008 Papers II and III) . Our procedure is briefly described as follows.
Our code first runs the XRT tool xrtpipeline to reproduce the XRT clean event data, and then makes pile-up corrections with the same methods as discussed in Romano et al. (2006) (for the Window Timing [WT] mode data) and Vaughan et al. (2006) (for the Photon Counting [PC] mode data). Both the source and background regions are annuli (for PC) or rectangular annuli (for WT). The inner radius of the (rectangular) annuli are dynamically determined by adjusting the inner radius of the annuli through fitting the source brightness profiles with a King (1971) point spread function (for PC) or determined by the photon flux using the method described in Romano et al 2006 (for WT) . If the pipe-up effect is not significant, the source regions are in the shape of a circle with radius R = 20 pixels (for PC) or of a 40×20 pixels rectangle (for WT) centered at the bursts positions. The background regions have the same size as the source region, but has a distance of 20 pixels away from the source regions. The exposure correction is also made with an exposure map created by XRT tools xrtexpomap. By considering these corrections, the code extracts the backgroundsubtracted light curve and spectrum for the whole XRT data set. The signal-to-noise ratio for the lightcurves is normally taken as > 3σ, and it is flexibly adjusted depending on the source brightness.
The XRT data observed from January 2005 to October 2008 for 328 GRBs are deduced with our code. We consider only long duration GRBs (or Type II GRBs; Zhang 2006; Zhang et al. 2007b Zhang et al. , 2009b . By visually going through the XRT lightcurves for these bursts, we select those lightcurves that monotonously decay with a SPL from tens or one hundred seconds to ∼ 10 5 seconds post the GRB triggers without a significant shallow-to-normal segment transition. Only 17 solid cases are identified in our sample. Ten out of the 17 GRBs have redshift measurements 2 . By removing the superimposed flares from the lightcurves, we fit the lightcurves with a SPL. The lightcurves with our fits are shown in Figure 1 , and the power law indices are reported in Table 1 . We perform a time-resolved spectral analysis for the data with an absorbed power-law model, i.e., abs×zabs×power-law, where abs and zabs are the absorbtion models for the Milky Way Galaxy and the GRB host galaxy, respectively, if the redshift of the GRB is available. For a certain GRB, we do not consider the evolution of host galaxy N host H , and fix it as the value derived from the fit to the time-integrated spectrum. The values of Γ X and N host H derived from the fits to the time-integrated spectrum are reported in Table 1 . The time interval taken for the spectral fitting is dynamically determined by the photons accumulated in this time interval, which is required to obtain a photon index with more than 3σ significance. The time-resolved spectral analysis for each burst is shown in Figure. 1. The BAT observations of these bursts are collected from the published papers or GCN reports, and they are summarized also in Table 1 .
In order to compare the properties of these GRBs to the GRBs having a canonical XRT lightcurve, we compile a sample of XRT lightcurves that have a well-sampled shallow-tonormal transition feature. The initial steep decay segment is removed from these lightcurve since this segment is generally believed to be the GRB tail emission due to the curvature effect as mentioned above. The redshifts of these bursts are also required in order to derive the properties of these bursts in the burst frame. We do not include GRBs 060522, 060607A, and 070110 in our sample since they abruptly transit to a very steep decay phase and they might have a different physical origin (Liang et al. 2007; Troja et al. 2007; Kumar et al. 2008 ). GRB 060614 is also not included since it may belong to Type I GRBs (Zhang 2006; Zhang et al. 2007b Zhang et al. , 2009b . We thus get 31 GRBs in the canonical XRT lightcurve sample. The observations for these bursts are summarized in Table 2 .
THE CHARACTERISTICS OF THE PROMPT GAMMA-RAYS
The distributions of the photon index (Γ BAT ), burst duration (T 90 ), gamma-ray fluence (S γ ), and isotropic gamma-ray energy (E iso,γ ) of the prompt gamma-rays in the BAT band for both the SPL sample (solid) and the canonical sample (dashed) are shown in Figure 2 . We measure the difference of any pair of distributions with the Kolmogorov-Smirnov test (K-S test), which yields a probability p KS = 1 that the two samples are identical. The hypothesis that the two distributions are identical is statistically rejected if p KS < 10 −4 , and the hypothesis is marginally rejected if 10 −4 < p KS < 0.1. The values of p KS are marked in each panel of Figure 2 . It is found that the derived p KS are all greater than 0.1, indicating that there are no statistical differences of these distributions between the two groups of GRBs.
THE CHARACTERISTICS OF THE X-RAYS
The distributions of the X-ray spectral index (β X ), N host H , and isotropic X-ray energy (E iso,X ) in the XRT band for the two groups of GRBs are shown in Figure 3 . The comparison of the correlation between E iso,γ and E iso,X is also displayed in Figure 3 . The E iso,X is integrated from T 90 to 10 5 seconds post the GRB trigger. The E iso,X of the GRBs with a canonical XRT lightcurve is calculated in the same time interval by extrapolating the shallow decay segment to the time of T 90 without taking the steep decay segment into account. The values of p KS are also marked in Figure 3 . Again, no statistical difference between the two groups of GRBs is found. The relations of E iso,X to E iso,γ of the two groups of GRBs also have almost the same power law index, i.e., ∼ 0.7.
We derive the lightcurves in the burst frame for the two groups of GRBs, which are presented with isotropic X-ray luminosity (L) as a function of t/(1 + z). They are displayed in Figures 4(a) and 4(b). It is found that the SPL decay lightcurves merge into a conflux at around one day post the GRB trigger. The distribution of the luminosities at 10 5 seconds is shown in Figure 5 (a), and it is well fitted by a Gaussian function in the logarithmic scale, which yields log(L 10 5 s /ergs s −2 ) = 45.50 ± 0.70. Interestingly, the late X-ray luminosity of the canonical sample also shares the similar feature. As shown in Figure 5 (a), the X-ray luminosity distribution at 10 5 s also has a Gaussian distribution in the logarithmic scale, with a best fit log(L 10 5 s /ergs s −2 ) = 45.25 ± 0.70. The K-S test for the comparison of the two samples gives p KS = 0.31, indicating that the there is no statistical difference between the two distributions.
Discussion
As shown above, there is no statistical differences between the two groups of GRBs for both the prompt gamma-rays observed with BAT and the X-ray afterglows observed with XRT. This indicates that the X-rays observed in the two groups of GRBs may have the same physical origin, and the canonical behavior in the XRT lightcurves might not be an intrinsic feature. We discuss possible implications from our analysis results in this section.
The X-rays as the afterglow component of the prompt GRBs
The standard fireball shocks model (Rees & Mészáros 1992 , 1993 Mészáros & Rees 1997; Sari et al. 1998 ; for reviews, see Piran 2005; Mészáros 2006) has been found to successfully explain the sparse broad-band afterglow data in pre-Swift era (e.g. Panaitescu & Kumar 2002 ). In the framework of the model, the GRB central engine powers a relativistic jet that is composed of a series of shells with variable Lorentz factors. Irregular collisions among these shells produce the highly variable prompt gamma-rays. As the fireball is decelerated by the ambient medium, a forward shock propagates into the medium and powers the long-term broad band afterglows (Mészáros & Rees 1997; Sari et al. 1998) . The decay of the afterglows with time is expected to be a power law with an index ∼ 1.0, which would steepen to 1.5 ∼ 2 with an achromatic break if the fireball is collimated into a conical jet (Rhoads 1997; Sari et al. 1999) . The SPL decay behavior of the 17 SPL XRT lightcurves is consistent with the prediction of the models. As shown in Paper II, the normal decay phase in the shallow-to-normal decaying segment is consistent with the closure relations predicted by the forward shock models (Sari et al. 1998; Chevalier & Li et al. 1999; , favoring the idea that the X-ray afterglow is of the external shock origin, and that the shallow decay segment is due to long-lasting energy injection. Figure  6 presents the model predictions of the closure relations as compared with the two samples (for the canonical sample data are for the normal decay segment). It is found that most of the GRBs are roughly consistent with the closure relations prior to the jet-break for the constant density (ISM) model, suggesting that these XRT lightcurves might be produced by forward shocks. GRBs 061007 and 080319B are marginally accommodated with the closure relations of the pre-jet-break wind model and the post-jet-break ISM model. This suggests that some GRBs may be in a wind-medium (see also Racusin et al. 2008) , or with very narrow jet opening angles (see also Schady et al. 2007 ). We note again that not all X-ray afterglows can be interpreted within the forward shock model due to the chromatic features observed in X-ray/optical lightcurves of some bursts (Liang et al. 2007 .
Within the forward shock model, the similar late time luminosity for both SPL and canonical X-ray afterglows suggest that the total afterglow energetics of the two groups of bursts may be comparable. The difference then lies in that the SPL GRBs eject the majority of energy promptly, while the canonical GRBs either eject the same amount of energy over a long period of time or over a wide range of Lorentz factor distribution. The prompt gamma-ray efficiencies of the two groups of GRB, on the other hand, have to be different: the canonical GRBs typically have a higher gamma-ray emission efficiency than the SPL ones (Zhang et al. 2007c ).
The X-rays as an independent prior emission component with respect to the prompt gamma-rays
Yamazaki (2008) explained the shallow-to-normal decay behavior of the canonical Xray lightcurves as due to the zero time effect. In his model, the X-ray emission decays with a single power law, but the starting time is before the trigger of the prompt gamma-rays. This requires that the GRB central engine is active before the trigger. Precursors have been detected in some GRBs (e.g. Burlon et al. 2008) , which suggests that prior emission may indeed exist. However, the required prior time offset is typically ∼ 10 4 s (comparable to the shallow-to-normal break time in the canonical lightcurves), which is much longer than the offset of the known precursors. In order to test this intriguing possibility, we perform a test to see whether all the canonical lightcurves can be converted to SPL lightcurves by shifting T 0 to an earlier epoch 3 . We speculate that the observed SPL afterglows may be the small fraction of GRBs whose T 0 shift is negligible, i.e. the T 0 of X-ray emission is similar to that of gamma-rays (i.e. the trigger time). Our procedure of manipulating the data is as follows.
First, we fit the canonical XRT lightcurves with a broken power-law,
where ω describes the sharpness of the break, which is taken as 3 in this analysis (Liang et al. 2007 ).
Second, we fit the lightcurve with a power law by fixing the index as α 2 to get the T 0 value,
As an example, we show the observed and T 0 -shifted XRT lightcurves of GRB 060729 in Figure 4 (c), along with the observed XRT lightcurve of GRB 061007, the most prominent case in the sample of the SPL XRT lightcurves. All T 0 -shifted lightcurves are shown in Figure 4 (d) along with the observed SPL XRT lightcurves. It is interesting to see that they well trace the observed SPL XRT lightcurves. The distribution of the T 0 -shifted luminosity at 10 5 second is shown in Figure 5 (b). Apparently, it is consistent with that for the SPL GRBs, and the K-S test yields p KS = 0.66, much higher than p KS = 0.31 for the luminosity distribution without T 0 -shifting. The distribution of |T 0 | for the 31 GRBs is shown in Figure  7 (a). It shows that |T 0 | varies from 10 2 s to 10 5 s among the bursts. The fraction of GRBs with a SPL XRT lightcurve is very small for the current Swift GRBs, i.e., 17 cases out of ∼ 300 GRBs. This fact likely implies that the zero time of the X-ray emission for a small fraction of GRBs could be comparable to the GRB trigger time.
With a sample of 16 pre-Swift X-ray afterglow lightcurves, suggested two classes of GRBs defined by the X-ray afterglow luminosity, i.e., X-ray bright and dim GRBs. They showed that the brighter afterglows seem to decay faster than the dimmer ones. This signature is possibly related to the two groups of XRT lightcurves discussed in this paper. As shown in Figure 4 , the early X-ray luminosities of the SPL XRT lightcurves tend to be brighter than those of the canonical ones. We compare the distributions of the observed X-ray luminosities at 10 3 s post GRB trigger for the two groups of GRBs in Figure  8 . The X-ray luminosities of the SPL XRT lightcurves tend to be higher than the canonical ones by about one order of magnitude. On the other hand, such a signature disappears at late epochs, say, around 1 day in the burst rest frame, as shown in Figures 4 and 5 . This bimodal feature also vanishes in the T 0 -shifted XRT lightcurves. As shown in Figure 8 , after T 0 -shift, the 10 3 s luminosities of the canonical GRBs has a narrower distribution than those without T 0 -shift, with a value ranging from 10 47 erg s −1 to 10 51 erg s −1 . This overlaps with the distribution of those of the SPL GRBs (see also the panel d of Figure 4) .
The above analysis suggests the possibility that the apparent shallow-to-normal decay transition behavior in the XRT lightcurves of the canonical GRBs could be due to the T 0 effect, and that the X-rays may be a long-lasting emission component that is independent of the prompt gamma-rays. The |T 0 | may vary among bursts, ranging from 0 ∼ 10 5 seconds with respect to the GRB trigger time. In principle, such a prior X-ray emission can be originated both from an external shock or central-engine-powered internal dissipation. In both cases, the central engine needs to be active long before the GRB trigger. The discovery of the X-ray flares following a good fraction of GRBs suggest that a long-live GRB central engine is common for GRBs (Burrows et al. 2005; Zhang et al. 2006; Fan & Wei 2005; King et al. 2005; Dai et al. 2006; Perna et al. 2006; Proga & Zhang 2006) . The prior emission requires that the central engine activity time scale is stretched even longer.
In the scenario of the external shock model, the early ejecta launched prior to the prompt GRB phase may be also accelerated to a relativistic speed. This jet may not be dissipative, so that there was no strong gamma-ray emission. As it is decelerated by the ambient medium, the external forward shock powers an X-ray emission component with a single power law decay. Later, a main episode of central engine activity launches another ejecta 0 ∼ 10 5 s later, which dissipates and powers the observed prompt GRB.
In the scenario of a central-engine-powered X-ray emission model, the X-rays are conjectured to be powered by an unknown internal dissipation mechanism, and the X-ray luminosity is conjectured to track the accretion power at the central engine. The accretion rate by the central engine may be expressed by (e.g. Kumar et al. 2008) M ∼Ṁ (t 0 )(1 + 3 2s + 1
where t acc is a characteristic timescale of accretion and 0 < s < 1. The luminosity can be then estimated by L = ηṀ c 2 . The parameter s is quite uncertain. The observed decay slope of the X-rays is 1 ∼ 2, with a median value of 1.3, as shown in Figure 6 . This is roughly consistent with eq. 3. In Fig.4 , we also mark the line of L ∝ t −5/3 as is predicted in some accretion models (MacFadyen et al. 2001; Rosswog 2007) .
CONCLUSIONS
By systematically analyzing the XRT lightcurves for 322 Swift GRBs detected before 2008 October, we have investigated the properties of the GRBs with a SPL decaying XRT lightcurve and make comparisons between these GRBs and the GRBs having a canonical XRT lightcurve. Our results of analysis are summarized as follows.
(1) We find only 17 GRBs whose XRT lightcurves decay with a SPL from tens to ∼ 10 5 seconds post the GRB triggers. The decay slopes of these lightcurves range from 1−1.7. The fraction of these GRBs in the whole Swift sample is small, i.e., 17 out of ∼ 300, suggesting that the SPL lightcurves are much less common than the canonical ones.
(2) There is no statistical difference between the distributions of T 90 , E iso, γ , and Γ BAT of the prompt gamma-ray parameters for the two groups (SPL vs. canonical) of GRBs.
(3) No significant spectral evolution is observed for the X-rays with the SPL decay, similar to that observed in the canonical GRBs (Paper II). The distributions of both timeintegrated β X and N host H between the two groups of GRBs are also consistent with each other.
(4) The isotropic X-ray energy E iso,X accumulated from T 90 to 10 5 seconds of the two groups of GRBs are comparable to each other, and their correlations to E iso,γ also have almost the same power-law index.
(5) The SPL lightcurves in burst frame gradually merge into a conflux at around one day post the GRB trigger. A Gaussian function fit in logarithmic scale to the luminosity distribution at 10 5 s yields log(L 10 5 cm /ergs s −1 ) = 45.50 ± 0.70. The normal decay phase in the shallow-to-normal segment of the canonical GRBs share the similar feature.
(6) Confronting the data with the predictions of the external shock models, we find that the SPL lightcurves are generally consistent with the models, similar to the normal decay phase of the canonical lightcurves.
These results likely suggest that both the prompt gamma-rays and the X-rays for the two groups of GRBs may share the similar physical origins, and the apparent difference between the XRT lightcurves of two groups of GRBs may not be intrinsic. If the shallow decay is due to energy injection into the fireball, this suggests that the total energy budget after injection for both types of GRBs is similar. More intriguingly, we speculate that the shallow-to-normal behavior in canonical GRBs may be due to the T 0 effect of a SPL X-ray emission component prior to the GRB trigger, as suggested by Yamazaki (2009) . To test this hypothesis, we shift T 0 to an epoch before the GRB trigger and make the shallow-to-normal lightcurve as a SPL with the same decay index in the normal decay phase. We find that these T 0 -shifted lightcurves are similar to the observed SPL lightcurves. This likely suggests that the X-rays might be a long-lasting emission component that starts before the prompt gamma-ray phase. The SPL XRT lightcurves might be those whose T 0 shift is negligible. On the other hand, the SPL decay behavior of the 17 SPL XRT lightcurves is consistent with the prediction of the conventional external shock models. The traditional picture that the X-rays are related to the ejecta to produce the prompt gamma-rays is (i.e. no prior emission) not disfavored. The chromatic behavior of X-ray/optical afterglows (Papers II and III) poses constraints to some afterglow models, but it may be incorporated within the models that invoke two different emission regions/components. The prior emission model is more straightforward to interpret data. Future observations are needed to verify this hypothesis.
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-19 - Table 1 . The observations and our fits for the GRBs with a single power law decaying XRT lightcurve 
a The power-law photon index and the observed gamma-ray fluence in the BAT band (15-150keV).
b The time interval for our XRT light curve fitting, and the corresponding temporal decay slope with fitting χ 2 /dof, time-integrated spectral index and hydrogen column density N H at the host galaxy are (in units of 10 20 cm −2 ). The spectral parameters are derived from PC data only (from Evens et al. 2008 ).
c The X-ray fluence calculated by integrating the fitting light curve from 10 seconds after the GRB trigger to 10 5 s, in units of 10 −7 erg cm −2 .
-21 - Table 2 . The observations and our fits for the GRBs with a canonical XRT lightcurve a TThe power-law photon index and the observed gamma-ray fluence in the BAT band (15-150keV).
b The decay slopes and the break time of the shallow-to-normal transition in the XRT lightcurve derived from a smooth broken power law fit with fitting χ 2 /dof. The X-ray fluences in the XRT band (0.3-10 keV) are integrated from 10 seconds post the GRB trigger to 10 5 seconds c The spectral parameters of the absorbed power law model(from Evens et al. 2008) . The N H of the host galaxy are in units of 10 20 cm −2 .
d The zero time |T 0 | of the prior X-rays with respect to the GRB trigger time derived from a power-law fit (Eq. 2 in the text).
f The reference of redshift.
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